Introduction: Management of liver injury is challenging and evolving. The aim of this article is to review the outcome of traumatic liver injury in Chinese people in Hong Kong. Materials & methods: Records of 40 patients with hepatic injury who received treatment at the Prince of Wales Hospital between December 2000 and May 2005 were reviewed. Demographic data, severity of liver injury, Injury Severity Score (ISS), haemodynamic status and Glasgow Coma Scale (GCS) score on admission, investigations made, concomitant injuries, management scheme, and outcome of patients were analysed. Results: There were 23 male and 17 female patients with a mean age of 31.3 (SD=15.4) years. Road traffic accident was the most common injury mechanism (65%). Half of the patients were treated by non-operative management (NOM). None of them required surgery during subsequent management. Patients in the operative management (OM) group had a significantly higher ISS (p=0.026), but there was no significant difference in the mortality rate between the OM and NOM groups. Patients with stable haemodynamic status and who were treated non-operatively had a significantly shorter hospital stay (p=0.006). High grade liver injury (OR=8.0, 95% CI=1.2 to 53.8, p=0.03) and ISS greater than 25 (OR=21.6, 95% CI=2.0 to 225.3, p=0.01) were independent risk factors for mortality on multivariate analysis. Conclusions: Non-operative management of liver injury can be safely accomplished in haemodynamically stable patients, with the possible benefit of a shorter hospital
Introduction
Liver injury is a commonly encountered problem in trauma and is a frequent cause of morbidity and mortality in the young. With the advent of improved and expeditious imaging technologies and advances in intensive care, the diagnosis and treatment of liver injuries have gone through a paradigm shift in the past two decades. Non-operative management (NOM) has been reported to be a safe and effective strategy for selected patients in studies conducted in the last decade. 1, 2 Many major trauma centres in Western countries have already adopted non-operative management of blunt hepatic trauma as the standard of care for haemodynamically stable patients. [3] [4] [5] [6] [7] [8] [9] [10] However, there are limited data on the management of liver trauma in Asians. The purpose of this retrospective study was to review the outcome of operative and non-operative management of traumatic liver injury in Chinese patients in Hong Kong.
Materials and methods
We reviewed the liver trauma database of the Prince of Wales Hospital, a level 1 trauma centre in Hong Kong (Canadian Trauma Association criteria). There were 74 patients who suffered from significant liver trauma from December 2000 to May 2005. Thirty-four patients died after initial resuscitation in the emergency department, leaving 40 patients as the subjects of this study. The demographic data, mechanism and severity of trauma, Injury Severity Score (ISS), haemodynamic status, grade of liver injury, and clinical outcome of the patients were reviewed.
Management scheme
All patients were resuscitated by a trauma team in accordance with the protocols of the Advanced Trauma Life Support (ATLS ® ) of the American College of Surgeons' Committee on Trauma. 11 The treatment protocol is outlined in Figure 1 . A few changes were made to the protocol. In haemodynamically unstable patients with an obvious extra-hepatic bleeding source identified, the liver injury was managed nonoperatively if there was no clinical or radiological evidence of ongoing bleeding from the liver injury, and the patient received relevant management for his/ her major injury. All haemodynamically stable patients received computed tomography to delineate the hepatic injury and to detect other associated injuries. The NOM patients were then admitted to the intensive care unit (ICU) or general surgical ward for close observation. Laparotomy would be performed if there was clinical deterioration or evidence of ongoing bleeding from liver injury.
Operative management (OM) was defined as laparotomy performed immediately after initial resuscitation. Operative procedures that were per formed included explorator y laparotomy, perihepatic packing, closure of liver laceration, and emergency hepatectomy.
Definition of study parameters
Patients were defined as haemodynamically stable if they had a pulse rate of less than 100 beats per minute and systolic blood pressure greater than 100 mmHg after arrival at our hospital with less than two litres of fluid resuscitation. We classified liver injuries as high or low grade according to the 1994 version of the 12, 13 Grades I, II, and III were defined as low-grade injuries, and grades IV, V, and VI were defined as high-grade injuries.
Statistical analysis
All continuous variables were analysed by MannWhitney U test, and categorical variables were analysed by Fisher's exact test. Multivariate analysis was performed by backward stepwise logistic regression. All variables were entered into a forward stepwise regression model.
Step selections were based on the maximal likelihood ratio tests, and only significant variables were kept in the multiple logistic regression models. Statistical analyses were performed using the SPSS 11.5 statistical software and p values of less than 0.05 were considered statistically significant.
Results
From December 2000 to May 2005, 74 patients with a mean age of 38.8 (SD=18.0) years who suffered from significant liver trauma presented to our hospital. Thirty-four patients died after initial resuscitation in the emergency department, leaving 40 patients as the subjects of this study. The mean age of these 40 patients was 31.3 (SD=15.4) years. There were 23 male and 17 female patients. The most common injury mechanism was road traffic accident (65%) (Figure 2 ). Six patients (15%) suffered from isolated liver injuries (Table 1) , and 34 patients (85%) sustained multiple trauma. Eleven patients died (overall mortality rate= 27.5%) and all mortality occurred within 24 hours after admission. The causes of death are outlined in Figure 3 .
Outcome
Among the 40 patients who responded to initial resuscitation, the mean total hospital stay and the mean ICU stay were 17.69 (SD=22.04) days and 2.84 (SD =5.39) days, respectively. Twenty-two patients were haemodynamically stable, and 18 patients were haemodynamically unstable (Table 2) . A significantly greater proportion of patients with unstable haemodynamic status had a high-grade liver injury (p=0.018) and an ISS score greater than 25 (p=0.001). The mortality in this group of patients was also significantly higher (p<0.001) than that of patients with stable haemodynamic status. Twenty patients had surgery (OM group) for their liver injury, and the other 20 patients were managed nonoperatively (NOM group). Perihepatic packing and repair of liver laceration were the most frequently performed procedures (Figure 4 ). Eight patients (40%) in the OM group died, but only two deaths were due to severe hepatic injury. No patient in the NOM group required surgery for his/her liver injury during subsequent management, resulting in a zero failure rate. Three deaths in this group resulted from severe nonhepatic injury. When the patient characteristics and clinical outcomes of the OM and NOM groups were compared, they were comparable in terms of age and proportion of high-grade liver injury, and there was no significant difference in mortality (p=0.18) or hospital stay (p=0.82). However, the mean Injury Severity Score (ISS) of the OM group was significantly higher than that of the NOM group (p=0.026) ( Table 3 ).
The risk for mortality of seven clinical variables including age, gender, presence of shock on arrival, ISS group, grade of liver injury, management strategy and haemoglobin level on admission were also studied. On univariate analysis, female gender, presence of shock on arrival, high grade liver injury and ISS greater than 25 were risk factors for mortality (Table 4 ). Multivariate analysis demonstrated that only high grade liver injury (OR=8.0, 95%CI=1.2 to 53.8, p=0.03) and ISS greater than 25 (OR=21.6, 95%CI=2.0 to 225.3, p=0.01) were significant independent risk factors of mortality (Table 5 ). 
Analysis based on haemodynamic status
When the patients with stable haemodynamic status and those with unstable haemodynamic status were analysed separately, it was found that patients treated operatively and non-operatively were comparable in terms of age, ISS, and proportion of high-grade liver injury ( Figure 5 ) (Tables 6 and 7 ).
The group of 18 patients with unstable haemodynamic status had a high mortality rate (61.1%, n=11), and 12 patients had surgery for their liver injury (Table 6 ). For the remaining 6 patients, they were operated for other associated injuries which were more accountable for their haemodynamic instability, judged by the mechanism of injury and clinical manifestation. Three of them died as a result of severe pelvic, thoracic and head injury. There was no significant difference in mortality or length of hospital stay between the OM and NOM groups. Of the 22 patients with stable haemodynamic status, eight had surgery because of radiological evidence of ongoing bleeding from liver injury. None of these 22 patients, who were in either the OM or NOM group, died. The length of hospital stay of patients in the NOM group was significantly shorter than that of patients in the OM group (p=0.006) ( Table 7) .
Discussion
As a result of advances in radiology and intensive care, since the 1980s there has been a paradigm shift in the treatment of blunt liver injuries. Many studies have already documented the safety and feasibility of nonoperative management of hepatic injuries. A success rate of up to 98.5% has been reported. 14 Consistent with the phenomenon in almost all liver trauma reviews, a male predominance had also been demonstrated in our study. Sixty-three percent of our study's patients were male. Many large reviews of liver trauma in Western countries have noted that the average age of patients usually lay between 30 and 35, 15, 16 The mean age of our series was 31.3 (SD=15.4) years which fell into this range. When all the 74 patients with significant liver injury in the study period were considered, we found a slightly higher mean age, 38.8 (SD 18.0) years. As road traffic accident is the most common cause of traumatic liver injury, this finding could be related to the slightly older driving age in Hong Kong. Of course, more evidence is needed before we can draw a conclusion about the possibility of this relationship.
Penetrating liver trauma was a less frequently encountered problem in our population. Only 2 (5%) patients in our series sustained penetrating liver trauma, in both cases, the result of a stab injury. European series have reported similar findings, that is, that penetrating abdominal trauma was responsible for 10-20% of liver trauma, and stab injuries accounted for the majority of the penetrating injuries. 17 These findings differ sharply from the experience in South Africa and North America, where the proportion of penetrating injuries can be as high as 66% and 86%, respectively, and the incidence of gunshot wounds is higher. 15, 18 Road traffic accident was the most common cause of liver trauma in our study, as is the case in many other studies. 17 Therefore, it is not surprising to find that the majority (85%) of our patients sustained multiple injuries, of which liver trauma was just one. Thoracic injury was the most common associated injury, which can be expected due to the anatomical proximity. An isolated liver injury represented only a minority (15%) of liver injuries but was associated with a good outcome. Although our patient number may be too small to draw a conclusion at this stage, patients with isolated liver injury are the target group for NOM as these patients are often associated with low-grade blunt injuries with stable haemodynamic status on presentation.
The haemodynamic status of patients is a major determining factor of the need for laparotomy. Patients treated operatively are usually suffering from severe and multiple injuries, and hence have worse outcomes. In our study, to make a fair comparison between the OM group and NOM group, we performed further analysis according to their initial haemodynamic status. A higher proportion of the haemodynamically unstable patients had surgery (66.7%, n=12), and the overall mortality rate of haemodynamically unstable patients was high (61.6%, n=11). However, there was no significant difference in mortality and length of hospital stay between the OM and NOM groups, which could be due to the presence of a group of severely injured patients with poor prognosis despite no surgical treatment.
A smaller proportion of the haemodynamically stable patients had surgery (36.4%, n=8), and there was no mortality in either the OM or NOM group. This could be explained by the fact that a significantly higher proportion of these patients belonged to the low ISS group (ISS≤25), and that there were significantly more haemodynamically stable than haemodynamically unstable patients who suffered from low-grade liver injury. Therefore, non-operative management of liver injury is feasible and should be considered for haemodynamically stable patients.
Angiography and embolisation have been successfully employed and are recommended for haemodynamically stable patients with ongoing haemorrhage. 19, 20 In our series, 8 out of the 22 haemodynamically stable patients underwent laparotomy because of radiological evidence of ongoing bleeding. Angiographic embolisation could have a role in this group of patients and could save them from non-therapeutic laparotomies and the associated cost and morbidity.
Conclusion
It is difficult to compare the outcome of non-operative management with that of operative management in liver trauma due to patient heterogeneity. Our study demonstrated that, on subgroup analysis, non-operative management of liver injury can be safely accomplished in haemodynamically stable patients, with the possible benefit of a shorter hospital stay. Angiographic embolisation can be used as an adjunct in the nonoperative management of haemodynamically stable patients who demonstrate signs of continuous bleeding. Despite this, surgery should not be withheld in haemodynamically unstable patients with evidence of ongoing bleeding.
